Abstract. Simultaneous in sire measurements of stratospheric NO2, HNO 3, HC1, and CH 4 from 34 to 24 km were made in August 1992 from Palestine, Texas, using the Balloon-borne Laser In-Sire Semor (BLISS) ranable diode laser spectrometer. Although the measurements of NO2, HNO3, and NO2/HNO3 agree well with gas-phase model calculations near 34 km where SAGE II data show little sulfate aerosol, this is not true at the lower altitudes where SAGE II shows high aerosol loadings. At 24 km the BLISS NO 2 and HNO3 measurements are 70% lower, and 50% higher, respectively, than the gas phase model predictiota, with a measured NO2/HNO3 ratio 5 times smaller. When the heterogeneous hydrolysis of N2Os and C1ONO2 on sulfate aerosol of surface area demities matching the SAGE II measurements is added to the model, good agreement with the BLISS measurements is found over the whole altitude range.
Introduction
The large increases in number density and surface area of strat_ospheric liquid sulfuric acid droplets [see, special issue of Geophysical Research Letters, volume 19, number 2, 1992] accompanying the June 1991 eruption of Mt. Pinatubo [McCormick et al., 1992 ] present a unique opportunity for study of heterogeneous chemistry and its sensitivity to an ever-diminishing aerosol loading, as the atmosphere returns to background conditions. Earlier attempts to attribute changes in atmospheric photochemistry to heterogeneous chemistry have been frustrated by three factors: the lower levels of sulfate aerosol associated with earlier volcanic eruptions or with background conditions typical of the pre-Pinambo period; the measurement uncertainty of earlier instrumentation; and the lack of data relating measurements to tracer fields to normalize dynamical effects.
Models predict that the largest perturbations to stratospheric chemistry caused by heterogeneous reactions are associated with changes in the NOx(=NO+ NO2) to HNO3 balance. Two heterogeneous hydrolysis reactions are thought to be of significance: that of N20 s [Cadle et al. 1975] , with a reaction probability of 0.1 independent of temperature; and that of C1ONO2 with a reaction Copyright 1994 by the American Geophysical Union. Over the temperature ranges of the mid-latitude lower stratosphere, the C1ONO2 reaction is expected to play a minor role in driving the conversion of NOx to HNOa.
The most direct method of establishing the occurrence of reaction (1) is to measure decreasing reactant, N2Os, and increasing reaction product, HNO3, over an altitude range transitioning from little sulfate aerosol in the middle stratosphere to the heavy loading characteristic of the post-Pinatubo lower stratosphere.
Ironically, remote sensing satellite, shuttle, or balloon instruments with capability for simultaneous N20 s and HNO3 measurement do not perform well in the regions of high aerosol loading where solar transmission at the suntracker wavelengths is greatly reduced. A re-analysis of ATMOS data by McElroy et al. [1992] has shown that while observed NO2/HNO3 ratios at 47øS below 30 km are better represented by a model incorporating heterogeneous chemisty, this same data set at 30øN is matched well by gas phase chemistry alone, although measured N20 s is lower than the gas phase results.
The radicals NO2 and NO are linked directly to the temporary reservoir N2Os through the diurnal cycles of its nighttime formation and daytime photolysis, and are therefore considered good proxies of the temporary r_eservoir. Unlike N20 s, several reliable techniques exist for their atmospheric measurement, but the fast daytime photochemistry between them means that an isolated measurement of either gas is insufficient for testing heterogeneous chemistry without the simultaneous measurement of the other parmer and of HNO3. [1993] and from Greenland (67øN) by Dessler et al. [1993] reported C10 amounts significantly greater than gas phase model predictions, and identified heterogeneous sulfate chemistry as the source of the increases.
In this paper, we report the first simultaneous in-sire measurements of NO2 and HNO3 since the eruption of Table 1 , and compared with model predictions in Figure 3 . Figure 4 shows a plot of the measured NO2/HNOa ratio as a function of altitude, compared to model predictions. Immediately apparent from Figures 3 and 4 is the general good agreement between observation and model results at the higher altitudes above 30 kin, where aerosol surface area demities are negligible, and model calculations using both gas and heterogeneous chemistry converge. At the lower altitudes, however, as aerosol surface area density increases, the measurements depart markedly from the model calculations using only gas phase photochemistry. At 24 km the measurements of NO2 and HNOa are 70% lower, and 50% higher, respectively, than the gas phase model predictions, with a measured NO2/HNO3 ratio 5 times smaller.
When the heterogeneous hydrolysis of N2Os and C1ONO2 on sulfate aerosol of surface area demities matching the SAGE II measurements is added to the models, good agreement with the BLISS measurements of NO2 andof HNOa is found over the whole altitude range. Note that vertical mixing, which the model does not account for, occurs on timescales of 1 to 3 months, compared with the interconversion between NO• and HNOa which reaches steady-state after a little more than a month. This may explain why the model calculations have a tendency to overestimate the long-lived reservoir HNO3. The contribution of uncertainty in the estimate of NO, is minimized by considering the ratio of NO2/HNOa. The dramatic differences in the ability of the gas phase and heterogeneous models to fit the data are seen in the comparison with the calculated NO2/HNOa ratios (see Figure 4) . Good agreement near 34 km is found with or without heterogeneous chemistry included (since aerosol surface area is small). At 24 kin, however, a factor of 5 distinguishes the two cases, and the addition of heterogeneous chemis_' try is needed to match .the low observations of NO2/HNO3. Background aerosol loading does not convert enough NO2 to HNOa to account for the observed ratio. For both altitudes, the agreement between heterogeneous model and measurement is remarkable. A 
